In 1974, Fierstine and Applegate described a new species of billfish, Xiphiorhynchus kimblalocki, based on a rostrum, two vertebrae, and two partial fin spines, from the Yazoo Clay Formation, late Eocene, Mississippi, U.S.A. This was the first substantiated record of Xiphiorhynchus van Beneden, 1871, outside of western Europe. Since this initial discovery, there have been three other records of Xiphiorhynchus in the United States. Based on four rostral fragments, Breard and Stringer (1995) listed Xiphiorhynchus among the numerous marine vertebrates they collected in the Yazoo Clay Formation, late Eocene, Louisiana. There was no formal description and identification was restricted to the generic level. Fierstine and Starnes (2005) identified X. cf. X. eocaenicus (Woodward, 1901) , in the Moodys Branch Formation, middle Eocene, Mississippi, based on comparison with X. eocaenicus (Woodward, 1901) , from the Bracklesham Beds, middle Eocene, England. Monsch and colleagues (2005) confirmed that the holotype of X. rotundus (Woodward, 1901) , a featureless, phosphate impregnated rostrum with a vague provenance, was collected in the late Oligocene or early Miocene of the Charleston region, South Carolina.
Here we report new specimens (three partial rostra) of Xiphiorhynchus that were collected in the Yazoo Clay Formation, late Eocene, Louisiana, U.S.A. Two of the better preserved specimens are identified as X. kimblalocki, and although the third specimen is poorly preserved and only identified to genus, it belongs to a species distinct from X. kimblalocki. We compare all three specimens to other species of Xiphiorhynchus and discuss the difficulty in confirming the identity of rostra that have been referred to X. priscus (Agassiz, 1844) because the holotype of X. priscus is a poorly preserved skull without a rostrum.
LOCALITY DATA AND STRATIGRAPHY
The rostral material for this study was collected in the upland prairies located in Caldwell Parish, Louisiana, between the old community of Copenhagen and the Ouachita River, about 9.7 km southeast of Columbia and east of State Highway 849 (Columbia 1/24,000 quadrangle, x ‫ס‬ 591.900 m, y ‫ס‬ 3544.100 m). The prairies and exposures along the Ouachita River have been scientifically studied since 1831, and were the sites for the initial discovery of the Eocene whale Basilosaurus cetoides (Gibbes, 1847) . A location map is found in Breard and Stringer (1995:fig. 2), and a measured section is shown in Nolf and Stringer (2003: fig. 1 ). The age of the Yazoo Clay Formation in Louisiana is considered to be Priabonian, with the possible exception of the lowermost and uppermost strata (Manning and Standhardt, 1986) . Radiometric dates for the Yazoo Clay Formation are approximately 34 Ma (Dockery, 1996) . In some areas of Louisiana, the Yazoo Clay Formation is divided into members, which are, respectively from the base to top, the Tullos, Union Church, and Verda. The Yazoo Clay sediments at the site belong to the Tullos Member (Fig. 1 ). Since there are over 50 m of the Tullos Member exposed at the site, the locality is divided into two parts (Locality 1a and Locality 1b). Locality 1a is in the lower part of the section near the contact with the underlying Moodys Branch Formation, and Locality 1b is approximately 35 m higher stratigraphically than Locality 1a. Specimen NLU1F-1 was collected at Locality 1a and specimens NLU1F-2 and NLU1F-3 were collected at Locality 1b.
MATERIALS AND METHODS

Comparative Materials
The comparative materials are identical to those listed in Fierstine and Starnes (2005) and for the sake of brevity are not repeated here.
Institutional Abbreviations-BMNH, The Natural History Museum, London, England; IRSNB, Institut royal des Sciences naturelles de Belgique, Brussels, Belgium; LACM, Natural History Museum of Los Angeles County, Los Angeles, California; MNHN, Mú seum national d'Histoire naturelle, Paris, France; NLU, The University of Louisiana at Monroe Museum of Natural History, Monroe, Louisiana; SMNS, Staatliches Museum fü r Naturkunde, Stuttgart, Germany.
Anatomical Abbreviations-alv, alveolus (i); ␣, angle of taper of rostrum; cc, central canal; D, depth of rostrum; fstr, fine striations; gr, groove; L, length of rostrum; lcd, dorsolateral nutrient canal; lcv, ventrolateral nutrient canal; W, width of rostrum; x.s., cross section.
Methods
We follow the methodology of Fierstine and Starnes (2005) for identifying specimens of Xiphiorhynchus using rostral characters. Measurements were taken directly from the specimen where possible, otherwise they were taken from computed tomography (CT) images. We follow the Eocene time scale of Berggren and colleagues (1995) . In the past we placed billfishes in the Suborder Scombroidei (Fierstine, 2001; Fierstine and Starnes, 2005; Monsch et al., 2005) Referred Specimens-Two distal rostra, both missing their tips (specimens NLU1F-1 and NLU1F-2).
Locality and Age-Localities 1a and 1b (ca. 35 m higher in the section than 1a), Copenhagen, Caldwell Parish, Louisiana; Yazoo Clay Formation, upper Eocene. Proximal (posterior) measurements were taken at the posterior end of each rostrum where both the depth (D) and width (W) were complete. Similarly, the distal (anterior) measurements were taken at the anterior end of each rostrum where both D and W were complete. Abbreviations: defined in Materials and Methods section of text. Characters with an asterisk (*) were measured from CT scans taken at 71 mm from the distal end (NLU1F-1) and 75.5 mm from the distal end (NLU1F-2). Measurement preceded by 'est.' is an estimate. approximately 0.2 mm in diameter. A CT scan taken 71 mm from the distal end ( Fig. 2D) illustrates the canal system. The paired lateral canals (lcd, lcv) are very distinct, whereas the central canal (cc) is opaque and hard to distinguish from the surrounding bone. Both the central and lateral canals are visible as cavities at the broken posterior (proximal) end of the specimen (Fig. 2E ). Specimen NLU1F-2 is 152.5 mm long and has a D/W ratio that varies from 0.76 proximally to 0.90 distally. The rostrum is very similar in morphology and state of preservation to NLU1F-1. The angle of taper is 6.5°. It has the same surface texture, one faint groove on its dorsal surface rather than several, a groove along the ventral mid-line, no teeth and very few alveoli. A CT scan taken 75.5 mm from the distal end contains an opaque central canal and distinct set of lateral canals. The central canal and lateral canals are visible at the broken posterior end of the specimen.
Description and Comparison with Other Xiphiorhynchins-
Comparing variables in Table 2 , specimens NLU1F-1 and NLU1F-2 are similar to X. kimblalocki, X. parvus, and X. priscus. Each of them will be compared separately to the Louisiana specimens.
Xiphiorhynchus parvus is only known by the holotype (BMNH P21306, London Clay, England, early Eocene), a distal tip of a rostrum that is 21 mm long. Because its proximal ends bear two canals rather than the usual four that are typically found in xiphiorhynchins, Monsch (2005) placed the specimen in "Istiophorini Incertae sedis sp. non Xiphiorhynchus." Although we don't necessarily agree with his allocation, we do believe that until more is known about X. parvus, it is not prudent to refer the Louisiana specimens to it.
The rostrum (LACM 25575.1) of X. kimblalocki is 580 mm long and 83.5 mm wide at its proximal (posterior) end (Fierstine and Applegate, 1974) . At 170 mm from the distal tip, the rostrum is 40.6 mm wide and 32.9 mm deep with a D/W ratio of 0.81. The cross section at 170 mm reveals a lcd and lcv on the left side and three canals on the right. Most likely the two dorsal canals on the right side represent a division in the lcd and the third canal is the lcv. Based on variation of the number and position of nutrient canals in the rostrum of extant istiophorids (Fierstine and Voigt, 1996; Fierstine, 2001) , we believe the three longitudinal canals on the right side of the rostrum represent normal variation in a xiphiorhynchin. Dorsal and lateral surfaces of the distal one-half have a fibrous texture, whereas the proximal one-fourth has longitudinal striations that are coarse. The intervening region is relatively smooth. The ventral surface of the rostrum is covered with alveoli that range from 0.25 mm to 0.4 mm in diameter.
The holotype of X. priscus is a skull without a rostrum (MNHN PTE 474, London Clay, England, early Eocene), thus there is no way of knowing whether Casier (1966) identified the rostra correctly. In contrast to our skepticism, Monsch (2005: 462) concluded that skulls similar to the holotype and rostra were associated and correctly identified as X. priscus. The five referred specimens from the London Clay vary in length from 118 mm to 197 mm. Three (BMNH P10003, 23838, 36133) come from the anterior region of the rostrum, one (BMNH 36133a) from the middle region, and one (BMNH P9716) from the posterior region. The texture of the dorsal surface is usually fibrous, however the proximal end of specimen BMNH P9716 bears coarse longitudinal striations. On most specimens, alveoli are found on both the dorsal and ventral surfaces and their diameters range from 0.25 mm to 0.5 mm. The central canal is visible in three specimens (BMNH P23838, 36133, 36133a), usually at the proximal end only. In a cross-section from the distal end, specimen BMNH 36133a has three lateral canals on the left side, not unlike the canals on the right side of X. kimblalocki. Because there is a wide range of variation in the angle of taper among the five specimens, it is possible that more than one species is represented. Some of the specimens identified as X. priscus and the holotype of X. kimblalocki share numerous features (surface texture, angle of taper, D/W ratio, size of denticles) that suggest to us that they could be conspecific. If some of the rostra from London Clay are shown to belong to X. priscus, then based on priority, X. kimblalocki must be synonymized with X. priscus. Until this problem is settled, X. kimblalocki remains a valid species and is the best choice for the identification of the Louisiana specimens, not only because they share similar morphologies, but because also they were collected in the same chronostratigraphic unit.
XIPHIORHYNCHUS SP.
( Fig. 3 ; Tables 1, 2) Material-Specimen NLU1F-3, a poorly preserved middle segment of a rostrum.
Locality and Age-Same as specimen NLU1F-2. Description and Comparison with Other XiphiorhynchinsSpecimen NLU1F-3 is a segment from the region of the rostrum where the paired premaxillae fuse into a single, distal structure (Fig. 3) . The specimen was collected in several pieces that were cemented together to approximate the original shape. Except for the extreme distal end, the internal (medullary) bone was not (Fig. 3A) . Anteriorly, the dorsal surface has a woody texture in some places, but we think the layer that contained the ridges was worn away to expose the fibrous texture. Dorsally, two fractures, one along the midline and the other on the right side lateral to the mid-line, represent fusions in the premaxillae. The midline fracture conforms to the fusion of the right and left premaxillae, and the right fracture represents the division between the dorsal and ventral rami of the right premaxillae. A shallow groove on the left, posterolateral part of the rostrum illustrates the division of the left premaxillary rami in the original, undamaged state.
The ventral surface has a midline fracture that represents the fusion of the premaxillae. Large patches of alveoli (each alveolus is approximately 0.2 mm in diameter) are visible on the ventral (Fig. 3E) and ventrolateral surfaces and a few scattered alveoli are visible on the dorsal surface of the rostrum. The paired lateral canals (lcd, lcv) are visible on the anterior (distal) end of the specimen (Fig. 3D) . The central canal is not visible, but this probably is the result of the lack of preservation of medullary bone.
Comparing variables in Table 2 , specimen NLU1F-3 is most similar to the holotype and only known specimen of X. aegyptiacus Weiler, 1929 (SMNS 13134, Kasr (Qasr) el Sagha, Egypt, middle or late Eocene), in three features:D/W ratio, dorsal surface primarily covered with fine striations, and a cross section with a round dorsal surface and flat ventral surface. Unfortunately, matrix covers much most of its ventral and part of the dorsal surface. Both specimens are segments from the middle of a rostrum, however, the Egyptian specimen may be from a segment slightly more distal than specimen NLU1F-3, because the texture of its dorsal surface changes near its distal end from having striations to fibrous. This transition was observed in two specimens that display both textures (X. kimblalocki, holotype; X. aegyptiacus, holotype).
Only three nutrient canals are visible in cross-section at the distal end, a right lcd and lcv, and a left lcd. No denticles or alveoli are visible, however, the matrix may be concealing them.
Although specimen NLU1F-3 is similar to X. aegyptiacus in a few features, it differs in its angle of taper and possibly in the presence of a fibrous texture on its distal dorsal surface. Until better preserved specimens can be studied and the matrix is removed from the Egyptian specimen, we make the conservative decision and identify specimen NLU1F-3 to genus only.
PALEOENVIRONMENTAL INTERPRETATIONS
A study of 5,559 fish otoliths from the same locality (Nolf and Stringer, 2003) , indicated a teleost fauna of 43 taxa, which is the most diversified assemblage presently known from a single Paleogene locality in the Gulf Coast region of the U.S.A. The study of the fish otoliths provided excellent paleoenvironmental data for the occurrence of the billfish fossils as did earlier studies on foraminfers (Breard and Stringer, 1995) , ostracodes (Kilmarten, 1982; Breard and Stringer, 1995) , and barnacles (Zullo and Perreault, 1986) . A distinctive difference in the paleoenvironments of Locality 1a and Locality 1b was ascertained indicating that the billfish were found in at least two distinct marine environments, inner shelf (0-20 m in depth) and middle shelf (20-100 m in depth). Locality 1a (specimen NLU1F-1) has a higher diversity of teleosts and is dominated by benthic, eel-shaped fishes living on, or even in, the bottom sediments. The extremely low frequency of the epipelagic and mesopelagic living genus Bregmaceros (< 1%) and the rarity of pelagic fishes (Mene and the scombrids, represented by one and two otoliths, respectively) at Locality 1a is significant. The otolith assemblage at Locality 1a indicates a tropical to subtropical, rather shallow environment (inner shelf, ca. 20 m or slightly deeper) with normal salinity and soft bottom sediments consisting of a mixture of clay and calcium carbonate with minor amounts of silt.
The assemblage at Locality 1b, which is associated with specimens NLU1F-2 and NLU1F-3, is dominated by Bregmaceros (92% of the total otoliths), which are small pelagic fishes living mainly in the water layers between 0 and 200 m. An otolith assemblage composed predominantly of Bregmaceros, has been shown to be an excellent indicator of middle shelf conditions (20-100 m in depth) by several studies in the Gulf Coast Eocene (Breard and Stringer, 1995; Stringer and Breard, 1997; Nolf and Stringer, 2003) . Conditions at Locality 1b remained tropical to subtropical with normal salinity, but depth increased to middle shelf (20-100 m). All of the paleoecological data based on otoliths from the Yazoo Clay Formation indicates that the environment evolved from an inner shelf (ca. 20 m) with an abundant benthic life of both invertebrates and fishes (Locality 1a) to a deeper, more clay-dominated bottom, middle shelf (20-100 m) environment with less abundant benthic life and more exposed to the pelagic realm (Locality 1b). Fierstine and Starnes (2005) hypothesized why xiphiorhynchins were found in shallow water deposits even though they are thought to have environmental preferences (temperate to tropical offshore waters greater than 100 m in depth) similar to their sister taxon, the extant swordfish (Xiphias gladius). Their explanations are pertinent to understanding the presence of xiphiorhynchins in both inner shelf and middle shelf units in the Yazoo Clay. They argued that the rostrum of X. cf. X. eocaenicus discovered in an inner shelf unit (ca. 20 m in depth) of the Moodys Branch Formation (middle Eocene), Mississippi, could have been transported into shallow water either as remains of a stranded individual or of an animal that died in shallow water after being impaled.
The holotype of X. kimblalocki, was collected in the Shubuta Member of the Yazoo Clay, a deepwater deposit (presumably an outer shelf unit) in Mississippi (Manning, 2003) . Because the bones of the holotype do not show much wear, breakage, or chemical etching, we postulate that they were the remains of an individual that died and became buried in deep water. On the other hand, the two rostra of X. kimblalocki (specimens NLU1F-1 and NLU1F-2) were found in strata that were deposited at different depths, yet both are nearly identical in morphology and state of preservation (i.e., fairly unworn, distal segments that are missing their distal tips). We cannot rule out that each rostrum was impaled in an animal that died, one at a different depth than the other. However we favor the explanation that each rostrum was the remains of a stranded individual, one carcass remaining in shallow water and the other washing back into deeper water. Both rostra were subject to similar physical wear by currents. Specimen NLU1F-3, a poorly preserved middle segment identified as Xiphiorhynchus sp., was collected in the same middle shelf horizon as specimen NLU1F-2. Its state of preservation is consistent with long exposure to the elements and could have been transported from a more shallow or deeper area of the shelf.
